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BRAKE CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a brake control 
apparatus . 

The present invention relates to a brake control 
apparatus comprising brake pressure controlling unit 
including normally-open- type electromagnetic valves for 
preventing a fluid pressure transmitted from a master 
cylinder to wheel brakes when the valves close, and a 
control unit executing an anti-lock brake control 
resolving a lock tendency of the wheels by controlling 
the operation of the brake pressure controlling unit 
according to a result of judgment of the lock tendency 
of wheels and simultaneously executing a brake force 
distribution control distributing front and rear brake 
forces by controlling the normal 1 y-open- type 
electromagnetic valves in correspondence with rear wheels 
to close in such a manner that the normally-open- type 
electromagnetic valves are opened when the brake force 
distribution control is finished. Wherein the control 
unit finishes the brake force distribution control after 
a vehicle stops and a load applied ahead of the vehicle 
is released. 
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2. Description of the Related Art 

There has already been known a brake control 
apparatus for carrying out front and rear brake force 
distribution by controlling a normally-open-type 
electromagnetic valve provided between a master cylinder 
and a wheel brake of a rear wheel to a closing side ( refer 
to, for example, Published Japanese Patent Application 
JP-A-7-144627) . 

Meanwhile, when the brake force distribution 
control is finished, the normally-open-type 
electromagnetic valve between the master cylinder and 
the wheel brake of the rear wheel is opened such that 
the brake fluid pressure of the rear wheel becomes a value 
in correspondence with output fluid pressure of the master 
cylinder, however, because of the opening of the 
normally-open- type electromagnetic valve, the brake 
pedal is brought in and a vehicle driver may feel strange 
feeling. Hence, according to the prior art, the brake 
force distribution control is finished when an estimated 
vehicle speed becomes equal to or smaller than a 
predetermined speed just before the vehicle stops to 
alleviate the strange feeling of the vehicle driver by 
bring inginthebrakepedal when a swing backof the vehicle 
body is caused. However, the brake pedal is brought in 
before causing the swing back of the vehicle causes before 
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the vehicle stops and it is difficult to regard that the 
strange feeling of the vehicle driver can firmly be 
resolved. Wherein the swing back causes when a load applied 
ahead of the vehicle is released after the vehicle stops. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of such 
a situation and it is an object thereof to provide a brake 
control apparatus firmly preventing the strange 
operational feeling when the brake force distribution 
control is finished. 

In order to achieve the above-described object, 
according to a first aspect of the present invention, 
a brake control apparatus comprising a brake pressure 
controlling unit including normally-open-type 
electromagnetic valves for preventing a fluid pressure 
transmitted from a master cylinder to wheel brakes when 
the valves close, and a control unit executing an anti-lock 
brake control resolving a lock tendency of the wheels 
by controlling the operation of the brake pressure 
controlling unit according to a result of judgment of 
the lock tendency of wheels and simultaneously executing 
a brake force distribution control distributing front 
and rear brake forces by controlling the 
normally-open-type electromagnetic valves in 
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correspondence with rear wheels to close in such a manner 
that the normally-open- type electromagnetic valves are 
opened when the brake force distribution control is 
finished. Wherein the control unit finishes the brake 
force distribution control after a vehicle stops and a 
load applied ahead of the vehicle is released. 

According to a second and third aspects of the present 
invention as set forth in the first aspect of the present 
invention, the control unit may finish the brake force 
distribution control after a predetermined time elapsed 
from when a wheel speed of an estimated vehicle speed 
is reduced to be equal to or smaller than a predetermined 
speed just before the vehicle stops. 

According to the constitution of the present 
invention as described above, the control unit finishes 
the brake force distribution control after a 
predetermined time elapsed from when a wheel speed of 
an estimated vehicle speed is reduced to be equal to or 
smaller than a pre determined speed just before the vehicle 
stops, it is difficult to recognize that the bringing 
in of a brake pedal by swing back of the vehicle when 
the vehicle stops and the strange operational feeling 
can firmly be prevented from being deteriorated when the 
brake force distribution control finishes. 

in order to achieve the above-described object, 
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according to a fourth and fifth aspects of the present 
invention as set forth in the first aspect of the present 
invention, , the control unit finishes the brake force 
distribution control after an estimated deceleration is 
reduced to be equal to or smaller than a predetermined 
deceleration from when a wheel speed of an estimated 
vehicle speed is reduced to be equal to or smaller than 
a predetermined speed just before the vehicle stops, it 
is difficult to recognize that the bringing in of a brake 
pedal by swing back of the vehicle when the vehicle stops 
and the strange operational feeling can firmly be 
prevented from being deteriorated when the brake force 
distribution control finishes. 

According to a sixth and seventh aspects of the 
present invention as set forth in the second and third 
aspects of the present invention, the predetermined time 
may be 300msec. 

According to an eighth and ninth aspects of the 
present invention as set forth in the second and fourth 
aspects of the present invention, the predetermined wheel 
speed may be 2km/h. 

According to a tenth aspect of the present invention 
as set forth in the first aspect of the present invention, 
the brake pressure control unit further including a 
normally-open- type electromagnetic valve in 
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correspondence with a wheel brake, a check valve connected 
in parallel with the normally-open- type electromagnetic 
valve, a normally-close-type electromagnetic valve in 
correspondence with the wheel brake and a reservoir in 
correspondence with an output fluid path. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig . 1 is a fluidcircuit diagram of abrake apparatus 
according to a first embodiment corresponding to the 
second and the third aspect of the present invention; 
Fig. 2 is a timing chart; and 

Fig. 3 is a timing chart in correspondence to Fig. 2 
of a second embodiment corresponding to the fourth and 
fifth aspect of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
An explanation will be given of a mode for carrying 
out the invention based on embodiments of the present 
invention shown in the attached drawings as follows. 

Fig.l and Fig. 2 show a first embodiment 
corresponding to the second and third aspect of the present 
invention, Fig.l is a fluid circuit diagram of a brake 
apparatus and Fig. 2 is a timing chart. 

First, in Fig.l, a master cylinder M of a tandem 
type includes a first and a second output port 1A and 
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IB for producing brake fluid pressure according to 
depressing force applied to a brake pedal P by a vehicle 
driver. Brake pressure controlling unit 4 is provided 
between a left front wheel brake 2A, a right rear wheel 
brake 2B, a right front wheel brake 2C and a left rear 
wheel brake 2D and a first and a second output fluid paths 
3A and 3B individually connected to the first and second 
output ports 1A and IB. 

The brake pressure controlling unit 4 includes a 
first, a second, a third and a fourth normally-open-type 
electromagnetic valve 6A through 6D individually in 
correspondence with the left front wheel brake 2A, the 
right rear wheel brake 2B, the right front wheel brake 
2C and the left rear wheel brake 2D; a first, a second, 
a third and a fourth check valve 7A through 7D connected 
respectively in parallel with the normally-open-type 
electromagnetic valves 6A through 6D; a first, a second, 
a third and a fourth normally-close- type electromagnetic 
valve 8A through 8D individually in correspondence with 
the respective wheel brakes 2A through 2D; a first and 
a second reservoir 9A and 9B respectively in 
correspondence individually with the first and the second 
output fluid paths 3A and 3B; a first and a second pump 
10A and 10B of a plunger type having suction valves 1 1A 
and 11B connected to the first and the second reservoirs 
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9A and 9B and having discharge valves 13A and 13B; a single 
piece of common electric motor 12 for driving the two 
pumps 1 OA and 10B; orifices 14A and 14B interposed between 
the two pumps 10A and 10B and the two output fluid paths 
3A and 3B; and a control unit 16 for controlling operation 
of the respective normally-open- type electromagnetic 
valves 6A through 6D, the respective normal ly-close- type 
electromagnetic valves 8A through 8D and the electric 
motor 12 . 

The first normally-open-type electromagnetic valve 
6A is provided between the first output fluid path 3A 
and the left front brake 2A, the second normally- open- type 
electromagnetic valve 6B is provided between the first 
output fluid path 3A and the right rear wheel brake 2B, 
the third normally-open-type electromagnetic valve 6C 
is provided between the second output fluid path 3B and 
the right front wheel brake 2C and the fourth 
normally-open- type electromagnetic valve 6D is provided 
between the second output fluid path 3B and the left rear 
wheel brake 2D. 

Further, the first through the fourth check valves 
7A throu gh 7D are connected in parall el with the respective 
normally-open-type electromagnetic valves 6A through 6D 
such that a flow of a brake fluid from the corresponding 
wheel brakes 2A through 2D to the master cylinder M is 
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permitted . 

The first normally-close-type electromagnetic 
valve 8A is provided between the left front wheel brake 
2A and the first reservoir 9A, the second 
normally- close- type electromagnetic valve 8B is provided 
between the right rear wheel brake 2B and the first 
reservoir 9A, the third normal ly-close- type 
electromagnetic valve 8C is provided between the right 
front wheel brake 2C and the second reservoir 9B and the 
fourth normally-close-type electromagnetic valve 8D is 
provided between the left rear wheel brake 2D and the 
second reservoir 9B . 

In normally braking operation when there is not a 
possibility of locking the respective wheels, the brake 
pressure controlling unit 4 communicates the master 
cylinder M and the wheel brakes 2A through 2D and blocks 
the wheel brakes 2A through 2D from the reservoirs 9A 
and 9B. That is, the respective normally-open- type 
electromagnetic valves 6A through 6D are demagnetized 
and in an opened state, and the respective 
normally-close- type electromagnetic valves 8A through 
8D are a demagnetized and in a closed state. The brake 
fluid pressure outputted from the first output port 1A 
of the master cylinder M operates to the left front wheel 
brake 2Avia the first normally- open- type electromagnetic 
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valve 6A and operates to the right rear wheel brake 2B 
via the second normal ly-open- type electromagnetic valve 
6B. Further, the brake fluid pressure outputted from the 
second output port IB of the master cylinder M operates 
to the right front wheel brake 2C via the third 
normally-open- type electromagnetic valve 6C and operates 
to the left rear wheel brake 2D via the fourth 
normally-open- type electromagnetic valve 6D. 

When the wheel is going to be brought into a locked 
state in the braking operation, the brake pressure 
controlling unit 4 closes between the master cylinder 
M and the wheel brakes 2A through 2D, and simultaneously 
communicates through the wheel brakes 2A through 2D and 
the- reservoirs 9A and 9B at a portion thereof in 
correspondence with the wheel which is going to be brought 
into the locked state. That is, the normally-open-type 
electromagnetic valve in the first through the fourth 
normally-open- type electromagnetic valves 6A through 6D 
in correspondence with the wheel which is going to be 
brought into the locked state is excited and in the closed 
state, and the normally- close- type electromagnetic valve 
of the first through the fourth normally-close-type 
electromagnetic valve 8A through 8D in correspondence 
with the wheel is excited and in the opened state . Thereby, 
a part of the brake fluid pressure of the wheel which 
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is going to be brought into the locked state is absorbed 
by the first reservoir 9A or the second reservoir 9B and 
the brake fluid pressure of the wheel which is going to 
be brought into the locked state is reduced. 

Further, when the brake fluid pressure maintains 
constant pressure, the brake pressure controlling unit 
4 makes in a state that the wheel brakes 2A through 2D 
are blocked from the master cylinder M and the reservoirs 
9A and 9B. That is, the normal ly-open- type 
electromagnetic valves 6A through 6D are excited and in 
the closed state and the normally-close- type 
electromagnetic valves 8A through 8D are demagnetized 
and in the closed state. Further, when the brake fluid 
pressure is increased, the normal ly-open- type 
electromagnetic valves 6A through 6D may be demagnetized 
and in the opened state, and the normally-close-type 
electromagnetic valves 8A through 8D may be demagnetized 
and in the closed state. 

By controlling to demagnetize and excite the 
respective normal ly-open- type electromagnetic valves 6A 
through 6D and the respective normally-close-type 
electromagnetic valves 8A through 8D by the control unit 
16 in this way, the wheel can be controlled efficiently 
without been locked. 

Further, in braking operation, there can also be 
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carried out a brake force distribution control for 
distributing front and rear brake forces by closing the 
second and the fourth normally-open- type electromagnetic 
valves 6B and 6D of the first through the fourth 
normally-open-type electromagnetic valves 6A through 6D 
of the brake pressure controlling unit 4 in correspondence 
with the left and the right rear wheels. The control unit 
16 executes the brake force distribution. control by 
opening the second and the fourth normally-open- type 
electromagnetic valves 6B and 6D when the brake force 
distribution control for distributing the front and the 
rear brake forces is finished by controlling the second 
and the fourth normally-open-type electromagnetic valves 
6B and 6D to the valve closing side. 

Further, the control unit 16 is inputted detected 
values of wheel speed sensors 17A and 17B for respectively 
detecting wheel speeds of the left front wheel and the 
right rear wheel and wheel speed sensors 17C and 17D for 
respectively detecting wheel speeds of the right front 
wheel and the left rear wheel and the control unit 16 
finishes the brake force distribution control when a 
predetermined time elapsed after, for example, the wheel 
speeds of the right and the left rear wheels detected 
by the wheel speed sensors 17B and 17D are reduced to 
be equal to or smaller than a predetermined speed just 
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before the vehicle stops. 

That is, in Fig. 2, in the brake force distribution 
control at the time of braking of the vehicle, in 
accordance with starting the brake force distribution 
control at time tl in a braked state, the second and the 
fourth normally-open-type electromagnetic valves 6B and 
6D in correspondence with the rear wheels are closed and 
in accordance therewith, the brake fluid pressure on the 
rear wheel side is restrained to be lower than the brake 
fluid pressure on the front wheel side. Further, after 
the rear wheel speed is reduced to be equal to or smaller 
than a predetermined speed VO, for example, 2km/h just 
before the vehicle stops, by finishing the brake force 
distribution control at the time t3 which is elapsed 
predetermined time At, for example 300 msec, the second 
and fourth normally-open-type electromagnetic valves 6B 
and 6D are opened at the time t3 and in accordance therewith, 
the brake fluid pressure on the rear wheel side increases 
to be equal to the brake fluid pressure on the front wheel 
side . 

Next, explaining of operation of the first 
embodiment, the brake force distribution control is 
finished when, for example, the predetermined time At 
elapses just before the vehicle stops after the wheel 
speed of the rear wheel is reduced to be equal to or smaller 
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than the predetermined speed VO . Therefore, even when 
the second and the fourth normally-open-type 
electromagnetic valves 6B and 6D in correspondence with 
the rear wheels are opened in accordance with finishing 
the brake force distribution control, it is difficult 
to recognize a bringing in of the brake pedal P by swing 
back of the vehicle at a stopping of the vehicle and the 
strange operational feeling can firmly be prevented from 
being deteriorated in finishing the brake force 
distribution control. 

In contact thereto, when the brake force 
distribution control is finished when the vehicle speed 
becomes equal to or smaller than the predetermined speed 
VO, as shown by a broken line of Fig. 2, the brake fluid 
pressure on the rear wheel side is increased before the 
stopping of the vehicle and the operational feeling maybe 
deteriorated by bringing in of the brake pedal P. 

As a second embodiment corresponding to the fourth 
and fifth aspect of the present invention, as shown in 
Fig. 3, at time tl ~ in the braked state, the second and 
the fourth normally-open- type electromagnetic valves 6B 
and 6D corresponding to the wheels may be closed responding 
to a starting the brake force distribution control and 
the brake force distribution control may be finished, 
for example at time t3 " at which an estimated vehicle 
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deceleration becomes a predetermined deceleration DVO 
after, the wheel speed of the rear wheel is reduced to 
be equal to or smaller than the predetermined speed VO, 
for example 2km/h, just before the vehicle stops. 

Also according to the second embodiment, it is 
difficult to recognize bringing in of the brake pedal 
P by swing back of the vehicle at the stopping of the 
vehicle and the operational feeling can firmly be 
prevented from being deteriorated in finishing the brake 
force distribution control. 

While there has been described in connection with 
the preferred embodiments of the present invention, it 
will be obvious to those skilled in the art that various 
changes and modification may be made therein without 
departing from the present invention, and it is aimed, 
therefore, to cover in the appended claim all such changes 
and modifications as fall within the true spirit and scope 
of the present invention. 

For example, although according to the 
above-described embodiments, the brake force 
distribution control is finished when the predetermined 
time period elapses after the vehicle speed is reduced 
to be equal to or smaller than the predetermined speed 
immediately before stopping the vehicle body and when 
the estimated vehicle body deceleration degree becomes 
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equal to or smaller than the set deceleration degree after 
the vehicle speed is reduced to be equal or smaller than 
the predetermined speed immediately before stopping the 
vehicle body, the brake force distribution control may 
be finished when the predetermined time period elapses 
after the estimated vehicle speed is reduced to be equal 
to or smaller than the predetermined speed immediately 
before stopping the vehicle body and when the estimated 
vehicle deceleration degree becomes equal to or smaller 
than the set deceleration degree after the estimated 
vehicle speed is reduced to be equal to or smaller than 
the predetermined speed immediately before stopping the 
vehicle body. 

As described above, according to the first through 
fifteenth aspects of the present invention described 
above, it is difficult to recognize bringing in of the 
brake pedal by swing back of the vehicle at the stopping 
of the vehicle and the operational feeling can firmly 
be prevented from being deteriorated in finishing the 
brake force distribution control. 
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